The ESEM investigations revealed the morphogenesis of peltate glandular trichomes, which was divided into five phases. In phase one, new peltate glandular trichomes were initiated; in phase two, they were differentiated; in phase three trichomes grew vigorously; in phase four they were determined; in the fifth and final phase they came to maturity. Volume of glandular trichome during the different phases of morphogenesis varied from 0.25´10 -2 mm 3 in phase 1, to 1.95´10 -2 mm 3 in phase 5. More glandular trichomes are placed on the base of the adaxial side of bracts (average 7 mm -2 ) than on the base of abaxial side (average 5.8 mm -2 ). In this research, positive Spearman's rank order correlations were found between the average number of glandular trichomes and content of a-acids as well as between the average volume of glandular trichomes and content of a-acids.
Introduction
Peltate glandular trichomes are micro bodies of spheroid and spherical shape on the epidermis of hop cone bracts in which the hop metabolites are accumulating PAIS 1988, 1990; ^EH et al. 2007; WANG et al. 2008) . Seven morphological development stages of peltate glandular trichomes are described and the relation between their morphogenesis and accumulation of secondary metabolites was clarified . KIM and MAHLBERG (2000) described the early development of the secretory cavity of chemically fixed peltate glands in hop. The same authors found light and gray secretions on the irregular inner surface of the cuticle. Moreover, they described how secretions contributed to the thickening of the cuticle and created a network of striae distributed throughout the cuticle. The development of lupulin glands is strictly divided into a growth phase and biosynthetic-secretory phase (SUGIYAMA et al. 2006) . Activity of VPS gene (valerophenone synthase), which is involved in the first steps of bitter resin (a-acid) biosynthesis, was strong when the cuticle was slightly detached from the glandular head cells. WANG et al. (2008) described three biosynthetic pathways for terpene-derived natural products found in hop trichomes and activity of VPS gene is obvious in C pathway of terpene-derived natural products. The final step of carbon pathway is the biosynthesis of humulone or a-acids.
The primarily goal of this research was to define the stages of peltate glandular trichome morphogenesis and also to consider the changes in their volume and morphology during the most important phases. The secondary goal was to define the influence of peltate glandular trichome number and volume on level of a-acids, the most important chemical compound of hops.
Materials and methods
Hop (Humulus lupulus L. cv. Aurora) grown in the hop garden of the Gregurovec Hop Co-operative near Kri`evci College of Agriculture was used as experimental material. The hop cones or female inflorescence were successively collected every week during the hop harvest in the phenological phase of technological maturity. From the beginning of technological maturity till the end of hop harvest, five samples of hop cones were selected and treated further as dependent samples. The ESEM observations of peltate glandular trichome morphogenesis and shape were provided on bracts separated from the central string (rachis) of the hop cones. The bracts were of approximately equal length and diameter. The remaining bracts were used for analysis of a-acid content.
In ESEM studies, a Philips XL 30 ESEM (detector: Edax, type PV 9760/68 ME, resolution 134.30 eV, BSE detector: Philips PW 6848/00) and EDAX Genesis v.5.21 software were used. Photographs were taken at an accelerating voltage of 25 kV under recording time of 5 seconds. Diameter of the observed area was 10 mm.
At the same time the analyses of a-acids were also provided using the method of lead conductance value (LCV) of hops, powders and pellets, according to Analytica -European Brewery Convention 7.4 (ANONYMOUS 1998). This method was chosen due to following reasons. First, the time for preparation of samples and standard solution of lead acetate is very short. Second, the analyses of a-acids were provided from the bracts separated from the same hop cones from which the bracts for ESEM observations were taken (required weight of the hop bract sample for LCV analyses is 5 g only). Third, the results of the LCV method are comparable with the results of other analytical methods prescribed by the Analytical Committee of European Brewery Convention (ANONYMOUS 2006) including HPLC analysis (FORSTER 1987 (FORSTER , 2001 BRIGGS et al. 1981; KO[IR 1996 ). Fourth, according to WANG et al. (2008 , biosynthesis of humulone or a-acids is the final step in the carbon pathway of terpene-derived natural products. For these reasons, use of the LCV method is acceptable for the determination ofthe relationships or possible correlations between the number or volume of glandular trichome (independent variables) and the content of a-acids in the same hop cones from which the bracts for ESEM studies were taken.
Volume of peltate glandular trichomes was calculated by following equation for volume calculation of spheroid bodies:
a= width (distance between two points on x-axis in mm) b= height (distance between two points on y-axis in mm)
The data analyses were provided using the t-test for dependent samples and calculating the least significant differences in order to find significant differences between the number of glandular trichomes on the abaxial and adaxial sides of the bracts and also between the volumes of glandular trichomes in different phases of morphogenesis. Spearman's rank order correlation was also used as nonparametric statistical method (HILL and LEWICKI 2006) for the determination of correlations between dimensions and number of peltate glandular trichomes (independent variables) and level of a-acids. Transformation of percents of a-acids was done by angular transformation (CHANTER 1975) .
During this research a total of 150 ESEM observations of morphology and dimensions of peltate glandular trichome were provided and also 18 chemical analyses of a-acid content from six samples of hop cones. Sampling of hop cones was provided every sixth day during the last five weeks of hop vegetation, which corresponded with the phenological phases of hop cone formation and technological maturity.
Results
After ESEM observations the morphogenesis of peltate glandular trichomes was divided into five phases. The first phase is the initiation of new peltate glandular trichome (Plate 1, Fig. 1, position 1) ; second phase is the differentiation of the young trichome (Fig.  1, position 2) ; third phase is intensive growth (Fig. 2) ; fourth phase is the phase of determination (Fig. 3) ; the fifth phase is peltate glandular trichome maturity (Fig. 4) .
In this research, significant differences were found between the number of glandular trichomes per mm² on the base and flat areas of the abaxial side of bracts and also on the base area of the adaxial sides of bracts (Tab. 1).
More glandular trichomes are to be found on the bases of the adaxial sides of the bracts (average 7 mm -2 of glandular trichomes) than on the base of the abaxial sides (average 5.8 mm -2 of glandular trichomes) (Tab. 1). The smallest number of glandular trichomes is found on the flat area of the abaxial side of a bract (average 3.12 mm -2 of glandular trichomes).
According to our studies, we assume that the bulbous glandular trichome is just the final stage of peltate glandular trichome development during the phenological phase of hop maturity (Plate 2, Fig. 5 ).
Average volume of glandular trichome during the different phases of morphogenesis varied from 0.25´10 -2 mm 3 in phase 1, to 1.95´10 -2 mm 3 in phase 5 (Tab. 2).
In the same observed area peltate glandular trichomes in different phases of morphogenesis (initiation, differentiation, determination, intensive growth and maturity) were found lying next to each other (Plate 2, Fig. 6 ). In this study strong positive Spearman rank order correlations were found between weeks of hop cone maturity vs. number and volume of glandular trichomes found (Fig. 7) .
That phenomenon is also visible on microphotographs of . Positive Spearman rank order correlations were found between the average number of glandular trichomes and the content of a-acids (Fig. 8) and also between the average volume of glandular trichomes and the a-acid content (Fig. 9) .
Discussion
These results are in line with the results of who found increasing values of total a-acids from the early A-phase to the late G-phase of peltate glandular trichome development.
According to this study we assume that peltate glandular trichomes after the fifth phase of morphogenesis are transformed into bulb glandular trichomes (Fig. 5) . The cause of such a phenomenon could be an increase of the partial pressure of liquids and gasses on the cell walls inside peltate glandular trichomes during the biosynthesis of terpene-derived natural products, particularly a-acids which are the final product in the carbon pathway of terpene-derived natural products (WANG et al. 2008 ). This could be an 6 ACTA BOT. CROAT. 70 (1), 2011 SRE^EC S., ZECHNER-KRPAN V., MARAG S., [POLJARI] I., KVATERNJAK I., MR[I] G. The phases of morphogenesis in general correspond with the results of OLIVEIRA and PAIS (1988, 1990 ) and the SEM observations of SAITO et al. (1995) and . OLIVEIRA and PAIS (1988) described the morphological differences between peltate and bulbous trichomes and also found that the number of peltate trichomes decreases with the expansion of the leaves (bracts).
It can thus be concluded with some certainty that the number and volume of peltate glandular trichomes as well as their morphogenesis and consequently accumulation of a-acids are greatly influenced by climatic factors.
